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ABSTRACT
A survey was carried out on the Kent Estuary on the 8th July,1980’ during 
the period 3h hours before to Ih hours after low water.
The chemical water quality in the vicinity of Arnside was found, in 
general, to be good. The E. coli counts were found to be at or below the 
E E C  mandatory value for bathing waters.
Downstream of the Arnside outfall the E coli counts were generally above 
the E E C  mandatory value, the counts getting higher at and after low water. 
B O D  values also increased at low water though ammonia and phosphate 
(except for 1 sample) concentrations were low.
The total coliform counts both at Arnside and below the outfall were always 
above the E E C  mandatory level (except for 2 samples).
















Graphs 1 - 8
REPORT ON A KENT ESTUARY SURVEY HELD ON THE 8TH JULY,1980.
1. INTRODUCTION
The foreshore of the River Kent in the vicinity of Arnside is 
ranked number 42 in the Authority's list of nuisances and has 
been the subject of complaints by residents and visitors for 
at least a decade.
Arnside is drained on a combined system to a pumping station 
located on the promenade at Ash Meadow. The pumping equipment 
in this .station was, until recently, old and overloaded which 
resulted in the overflow of crude sewage onto the foreshore at 
low water mark at frequent intervals. The pumping station has 
been rebuilt and this appears to have solved the problem.
The sewage from the pumping station is pumped to an upward flow 
sedimentation tank which overflows to an holding tank. Reflex 
valves were originally fitted between the sedimentation tank and 
the holding tank and on the effluent outfall but both these 
valves fell into a state of disrepair, which allowed the tide to 
gain access to the holding tank. The tanks were designed to hold 
the sewage from a population of 1200 assuming a water consumption 
of 30 gallons per head per day. The present resident population 
is now of the order of 1865 but of course this is dramatically 
increased during the holiday season.
The effluent discharges continually as the tidal condition allows. 
The outfall into the estuary is located at SD 448 783.
Investigations during 1980 have included the collection of
bacteriological samples between the viaduct and the seaward side
of the outfall at various tidal states during the period April to
October, 1980'*’and regular visual inspection of the foreshore by the
2Inspectorate Staff of the N W W A
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The survey, carried out jointly with Lancashire and Western Sea 
Fisheries Joint Committee was designed to assess and monitor 
changes in the chemical and bacteriological quality of the Kent 
Estuary during the period from 3h hours before low water until 
±h hours after low water.
2. SURVEY DETAILS
(i) Tidal and Weather Conditions
The predicted tidal conditions for Barrow were 
High water 0841 (BST) 8.1 metres 
Low water 1534 (BST)
High water 2121 (BST) 8.1 metres 
At the termination of the survey the tide had not 
commenced to flood at Arnside.
At the commencement of the survey the weather was 
bright and sunny with a light breeze from the 
north-east. After about 1400 hours it clouded over 
somewhat though bright sunny intervals occurred.
(ii) Stations
Two fixed mid-stream boat sampling stations were 
set up at which surface chemical and bacteriological 
samples were taken at half hourly intervals between 
1200 and 1700 hours.
Station A (SD 4555 7885) was located in mid-channel, 
approximately 900 metres upstream of the outfall, and 
opposite the pier at Arnside, whilst station B 
(SD 4397 7798) was located in mid-channel, approximately 
900 metres downstream of the outfall, just downstream 
of New Barns.
Station C was a roving boat, which took bacteriological 
samples approximately every 200 metres along the 
southern shore of the river and water quality samples 
200 metres upstream of the outfall, at the outfall and 
200 metres downstream of the outfall.
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The roving boat did two runs, the first from 
Arnside Viaduct down to Arnside Point, the second 
from Arnside Point up to Earnseat School.
(ii) Samples
The samples for nitrogen forms and phosphate were 
filtered and placed in ice boxes. Chlorophyll-a 
samples were also placed in ice boxes.
The BOD samples were not placed in ice boxes but 
remained in the open.
Some coliform samples were placed in ice boxes but 
due to the limitation of the ice box size several 
did not.RtAbout 1520 hours, all bacteriological 
samples taken by the roving boat between Arnside 
Viaduct and New Barns, together with samples taken 
at Station A up to 1400 hours and at Station B up to 
1500 hours were collected for analysis. The 
bacteriological samples taken after these times were 
collected at the end of the survey at about 1900 hours.
'The bacteriological samples were analysed at the 
Rivers Division Levens Laboratory by Northern and 
Ribble Division microbiologists, whose valuable 
contribution to the survey, under unusual conditions 
is acknowledged.
3. RESULTS
The results are shown in table I.
4. DISCUSSION
(i) Bacteriological Data
The E E C  bacterial standards for bath ing waters are:-
Organism Guideline Mandatory
Value (Q Value (I)
Total coliforms (per 100 ml) 500 (80) 10,000 (95)
Faecal " (per 100 ml) 100 (80) 2,000 (95)
" streptocci (per 100 ml) lOO (90)
Salmonellae (per litre) - 0 (95)
(The numbers in brackets refer to the percentages of 
samples in which the counts must not be exceeded)
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All the total coliform samples, except for the
first and second samples taken from Station B
(at 1200 hours and 1230 hours in water of high
chloride) were above the E E C  mandatory value.
In the case of E coli, all samples at Station A,
above the outfall, were at or below the E E C  'I'
U)h«i>eiX.S at- SVuhei’i f t  I*\<! r< H ;id  1+ belciO  ‘ .I Vivlucvalue, and there was a trend for higher E coli
counts to occur at and after low water, when
presumably the effect of any sewage discharge from
Arnside would have most effect.
This picture of the E coli distribution at Stations 
A and B was supported by the samples taken from the 
roving boat, with samples upstream of the outfall 
being below the ’I 1 value and those downstream of the 
outfall being above the ’I ’ value, though ironically, 
both the samples taken at the putative outfall 
complied and that taken 200 metres downstream of the 
outfall on the first run was the lowest recorded on 
the survey.
It should be noted that at no time during the survey 
was the outfall visible, its position being assumed 
to be in direct line with the sewage tanks.
In the report 'Microbiological Pollution at Arnside' 
it was pointed out that on samples taken during the 
surveys, the ratio of the total coliforms to E coli was 
high^often in excess of 10 to 1. This was the case on 
this survey with samples taken above the outfall, though 
below the outfall ratios on the whole were below 10, about 
50% being 5 or less. It is likely that quite a 
substantial number of total coliforms were derived from 
other sources than the Arnside outfall, probably from 
land drainage but also from other outfalls.
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It is probable that the E coli counts obtained 
at Station A, early in the survey, when the 
salinity was still fairly high, show the influence 
of the Arnside discharge on the previous flood tide. 
However, since the counts remained fairly steady, in 
spite of the sevenfold decrease in salinity, it seems 
likely that upstream sewage discharges were also 
contributing to the counts.
Salmonellae were found to be present in two samples 
taken downstream of Station B.
1 7It has been estimated using a figure of 10 /100 mis
of E coli in the crude sewage, that the dilution
afforded between the outfall and the adjacent beaches
is in the order of 10,000.
Using the E coli figures obtained from this survey, 
at Station A, dilutions were, on the whole, 10,000 or 
greater, though the lowest was 5,000. At Station B 
up to 1500 hours dilutions were of the order 5,000 - 
10,000, but later in the afternoon the dilution dropped 
down to about 2,000.
As would be expected downstream of the outfall, on 
the first roving boat run, the dilutions ranged from 
1400 to 4 , 3 0 0 and from approximately 700 to 8,300 on 
the second run.
(ii) Chemical Data
The variation of chloride with time at the two stations 
is plotted in graph 2 and shows that at the commencement 
of the survey water of a specific chloride band was 
taking 1 hour to pass from Station A to B , whilst at 
low water it was taking about 3h hours.
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Although no samples of the sewage effluent were 
taken, samples of the estuarial water in the vicinity 
of the outfall had quite high BODs. It should be 
remembered that estuarial water can enter into the 
tanks so that at certain states of the tide the effluent 
is diluted before it emerges from the outfall.
At Station A, BODs ranged from 6.9 mg 1 ^ at the 
commencement of the survey down to 2.7 mg 1 ^ at the 
finish, whilst at Station B the reverse trend was noted 
with lower BODs (3.6 mg 1 "S at the commencement of the 
survey gradually increasing to high BODs (12.0 mgl S  
at the end of the survey.
These figures do agree with a general picture of the 
discharge from the outfall being pushed upstream on the 
flood tide and affecting Station A, whilst on the ebb 
Station B is progressively affected as low water is 
approached and the volume of water available for 
dilution decreases, whilst the residence time increases, 
Graph 3 illustrates this point. However, these ob servations 
are not entirely consistent with the dilution-5 estimated in 
the previous section.
The BOD evidence suggesting that the discharge from the 
Arnside outfall was having an effect on water quality 
is based on a comparison of the BOD concentration in 
samples of the same chloride concentration taken at 
Stations A and B, which showed the BOD downstream of the 
outfall (i.e. at Station B) was significantly higher.
Further at Station B , the BOD was lower in the water of 
higher suspended solids concentration, which indicates 
that the material released from the collapsing banks was 
not affecting the BOD to any great extent. The3 OD also 
increased towards low water at Station B.
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The graph (4) of total suspended solids against 
chloride shows that the first five samples taken 
at Station B had much higher suspended solids than 
the other samples taken there. The reason for this 
is that at the commencement of the survey the boat 
at Station B was about 300 metres down-stream of the 
eroding edge of a sandbank which was continually 
collapsing. At about 1420 hours the boat was moved 
into clearer water on the north side of the channel.
CThe graph (5) of BOD against toal suspended solidsft
shows that within the suspended solids range 10-300 
mg 1 ^ the BOD increased with increasing suspended 
solids concentration as might be expected. The 
higher suspended solids associated with the first five 
samples taken at Station B are not reflected in higher 
BODs. If the absolute concentration of organic solids 
was the most important factor affecting the BOD then we 
would have expected these five samples to have had the 
highest BOD.
Referring back to graph 4, at Station B, below 7,000 
l-ngl ^ chloride the suspended solids tended to rise and 
if this graph is compared to the graph of BOD against 
chloride C 3) there are similarities which would suggest 
that the BOD was being positively affected by the higher 
suspended solids.
Ammonia values were low lending further weight to the 
suggestion that BOD values may not reflect effluent 
dilution.
It was not easy to draw any clear relationships between 
the chloride and ammonia data though at Station B the 
tendency appeared to be positive. It should be noted 
that of the samples taken in the vicinity of the outfall 
the ammonia values were below the limit of detection.
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The ammonia data would suggest that the outfall 
was having little effect on the estuary.
A graph of the phosphate-p against chloride (7) shows
an inverse relationship between these parameters,
though the scatter is much greater for the data from
Station B. There is little evidence to suggest that
the Arnside outfall was having much effect on the estuary,
-1although the penultimate sample at Station B was 0.23 mgl
Graph 6, a plot of the nitrate against chloride demonstrates 
an inverse relationship between these two parameters.
Chlorophyll a tended to peak in water of 10,000mgl ^ 
with a value of 70 /ug 1 ^ and then decreased with 
decreasing chloride concentration.
It is interesting to note that the BOD at Station A peaked 
at 10,000 mg 1 ^ chloride and at Station B a minor peak 
occurred at 8,600 mg 1 ^ and it is probable at least in 
the first instance that the chlorophyll was having an 
effect on the BOD.
The dissolved oxygen at both stations was high throughout 
the survey and the water was supersaturated reflecting 




Virtually^the the coliform samples taken on the survey 
were above the E E C  mandatory level for bathing waters. 
There is evidence to suggest that other sources, apart 
from the Arnside discharge, contribute substantially to 
the coliform population.





However all E coli samples taken at Station A
i.e opposite Arnside, were at or below the E E C  
mandatory value, whilst those at Station B i.e. 
downstream of the outfall tended to be above the 
mandatory value.
The E coli counts at Station B increased as low 
water was approached and is evidence for the effect 
of the Arnside discharge on the bacterial quality 
of the water.
3. E coli counts at Station A remained steady throughout 
the survey even though there was an approximately 
sevenfold decrease in salinity. This suggests that 
at Station A there is an upstream source for E coli 
at low water, whilst on the flood and for a period
on the ebb the E coli count would be affected by those 
brought up on the flood from the Arnside and possibly 
the Grange outfalls.
4. BODs were higher than expected and whilst these may
be influenced by both phytoplankton and suspended solids 
there still appears to be a significant increase between 
Stations A and B during the low water period, which could 
be attributed to the Arnside discharge, however in other 
respects chemical quality was good at both points.
5. The evidence from the ammonia and phosphate data would 
suggest that the Arnside discharge was having little 
effect on water quality.
6. RECOMMENDATION
It would be useful to determine the chemical and bacteriological 
conditions on the beach at Arnside during the flood tide. It is 
therefore suggested that a tidal cycle survey should be performed 
in 1981, preferably during the height of the holiday season, i.e. 
August, when conditions would be expected to be bad.
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If it is decided to do a tidal cycle survey the following points
should be considered
1) An assessment of the contribution various outfalls 
could make to the water quality at Arnside by 
using different tracers introduced at the outfalls.
In conjunction with this, to determine the dilution 
afforded to the Arnside discharge on the initial 
flood and also at low water.
2) The collection of some bacteriological and water 
quality samples from further upstream to assess what 
effect this water might have at Arnside during the 
low water period.
3) To do some filtered BOD samples to try to curtail 
the effects of suspended solids and phytoplankton.
4) To collect some samples of the Arnside sewage, perhaps 
from the pumping station.and assess flows.
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UG/L UG/L G/KG NO/ML
A 1 1 1 1 1 1 V A 1 1 V
SPT :-  0173808104 NGR SO 45430 78920 KENT ESTUARY AT ARNSIDE PIER
080719801200 1 5 .20 8.200 93.00 12200 32000 148.0 134.0 <.010 .0200 .4000 .0300 6.500 8.200 22.10 8.000
080719801230 15.40 9 .800 1 09 .0 10000 27000 81 .00 72.00 <.010 ".TJ200 .2600 .0300 6.900 8.300 70.00 8.000 18.70 11 .00
080710801300 15.70 10.40 115.0 8000 22500 80.00 68.00 .1200 .0300 .8100 .0400 6.200 8.400 15.30 20.00
080719801330 15.90 9 .800 108.0 6700 19000 77.00 66.00 .1 100 .0300 .9100 .0700 4.700 8.400 40.00 6.000 11 .90 8.000
080719801400 16.00 10.50 111 .0 4700 14500 ^2 .00 33.00 .0600 .0300 1 .100 .0700 4.100 8.400 8.900 11 .00
080719801430 16.20 10.10 106.0 3700 11000 30.00 25.00 .0500 .0300 1 .200 .0800 4.300 8.200 24.00 4.000 6.900 9.000
080719801500 16.40 10.40 110.0 3000 9000 16.00 13.00 .0500 .0400 1 .300 .1000 3.800 8.300 5.700 10.00
080719801530 16.50 10.00 105.0 2500 7000 23.00 19 .00 .0500 .0400 1 .400 .1000 3.400 8.300 16.00 3.000 4.500 9.000
080719801600 16.70 9.900 104.0 2100 6450 31 .00 26.00 .1300 .0400 1 .500 .1000 3.000 8.300 4.000 16.00
080719801630 16.80 10.00 104.0 1800 5700 28.00 23.00 .0700 .0400 1 .400 .1300 2.700 8.300 15.00 3.000 3,600 20.00,•
080719801700 16.80 10.00 104.0 1600 5400 32.00 24.00 .0500 .0400 1 .400 .1300 2.700 8.300 3.300 12.00
SPT 0173808108 NGR St> 43600 78620 KENT ESTUARY U/S R.WINSTER
080719801200 15.70 8.300 98.00 14500 37000 710.0 668.0 .1700 .0-200 .2400 .0400 3.600 8.100 25.90 18.00
080719801230 15.80 8.600 102.0 13500 34500 583.0 562.0 .0800 .0200 .3200 .0300 4.400 8.200 30.00 10.00 23.80 25.00
080719801300 15.60 8.300 94.00 12000 32000 730.0 702.0 .1200 .0300 .5100 .0700 6.000 8.300 20.80 7.000
080719801330 15.90 9.600 107.0 10300 29000 740.0 702.0 .1000 .0400 .6800 .0500 8.200 8.300 Ooooo 18.50 24.00
080719801400 16.00 10.20 113.0 8600 23500 , 1000 971 .0 .0900 .0300 .7100 .1000 9.000 8.300 16.00 21 .00
080719801430 16.20 11 .30 124.0 8000 21 500 1 36.0 122.0 .0200 .0300 .7300 .0700 8.700 8.500 35.00 8.000 14.75 9.000
080719801500 11 .00 7000 19500 98.00 88.00 .0400 .0400 .7600 .0800 7,400 8.500 13.00
080719801530 16.40 11 .20 122.0 5500 15500 178.0 163.0 .0100 .0400 1 .000 .0400 9.100 8.500 38.00 6.000 11 .00 51 .00
080719801600 16.60 10.80 116.0 4700 13500 182.0 169.0 .0100 .0400 1 .100 .0000 9 .900 8.500 8.750 40.00
080719801630 16.60 10.80 118.0 4300 1 2000 147.0 135.0 .1200 .0500 1 .200 .2300 11 .00 8.500 33.00 6.000 8,000 52.00
080719801700 16.60 10.80 116.0 3700 11000 200.0 163.0 .0200 .0400 1 .200 .1000 12.00 8.400 7,250 45.00
SPT m 7^ Rk;PMT-P<WFK ... KPNT FSTUABV --  ROVING RAMPlPR SfiUoflUPLt AF "icTfli- ODUFbC.t'vS Of>C- IOC) rvi\
Cl 080719801300 is-^ ? n^f InODrrtl Ifa-S i c nn i\,oooI 1 j . UUca.080719801 31 5 Ib-O 15-0 9.000 rxopoo
c3 08071980.1320 1 b'O 15-© 11 .00 a  n-.ooo
C4- 080719801330 lb-2. — 15-fa 12.00 s^.ooo
C5 080719801335 lto-3 15-4- 11 .00 n ,o o ocfa 080719801350 15- 4- 3.000 so.ee©C*T 080719801355 lta-3 lies’(c? 12.00 4-0,000
eg 080719801400 16.00 10.60 96.20 8300 22500 227.0 213.0 <.010 .0300 .7700 .0500 13.00 8.600 16.00 17.00 7 o  ,ooo
0=1 08071 9801 430 1 6.00 10.40 94.50 7500 20000 223.0 208.0 <.010 .0300 .8100 .0500 12.00 8.600 plfeEfoT 14.50 11 .00 50,000
Cio080719801445 16.20 10.90 98.90 7000 20000 312.0 292.0 <.010 .0300 .8700 .0500 14.00 8.700 ft-feSEWT 14.50 6.000 1*3 ,ooo
cn 080719801510 It-U ft&-S£NT ia-£> 25.00 3.1, coo
02.080719801520 lb -5 ia-o 23.00 2 1 ,0 0 0
Cl3 08 0719 801 605 Va-la lO ■ fa 61 .00 S. 1 , ooo
04-08 0719801 615 f^eSEMT io,c3 42.00 i® .ooo
CtS08Q71 9 801620 tfe pe&'s&M i fo-O 73.00 I ? ,o o o
C-l(a08071 9801 630 lw>-« 71 .00 3 1 ,ooo
CI7080710801 635 Hs-*3 A&seMT 5 ^ 43.00 20,000
<-24-08071980165 5 ft&seMT S’^ 46.00 31,000£25080719801700 Ito-S q .© 37.00 ,oo©
C3C.08Q710801710 lb* fca PrSS ENT S •‘B 110,0 ■70 ,000
0*708071 9801 71 5 Ib'fc ftfoS&rJT <3-0 70.00 So ,000
0.4080719801720 lb'(a flfeSENT 7- S' 12.00 TO, OOO£30080719801740 lfe>-<3 AS'SefJT lo ■ 48.00 33 ,000
&SM 080719801750 16.40 10.40 108.0 3000 8300 82.00 69 .00 <.010 .0300 1 .400 .1000 12.00 8.300 fs&SgMT 6,400 46.00 140,000
C 320 8 0 7 1 9 8 0 1 8 0 0 16.40 10.60 112.0 2500 7700 5^.00 42.00 <.010 .0400 1 .400 .0800 12.00 8.400 ft&SeMT 6.000 18.00 , OOO
C3308Q71OS01815 1 6 .40 10.60 112.0 2400 6850 58.00 45 .U0 <.010 .0400 1 .400 • 11U0 10. UO 8.400 5,600 12.00 20. ,0 00
cS«-0P071O801 825 Vo • “3 S’-5 10.00 IS, 00O
CS5-08U71 9801 835 I -7-0 5-© 10.00 1H ,,000
C3& 080719 801845 \ia -S’ NT
1 ‘C 10.00 i+l ,0 0 0MOI 1 ISO 1730 jb ■? y-’B 10-00 10 ,000
G r a p h  o f  S a l i n i t y  a g a i n s t  C h l o r i d e ,  K e n t  E s t u a r y  8 / 7 / 8 0
V a r i a t i o n  o f  C h l o r i d e  w i t h  T i m e ,  K e n t  E s t u a r y  8 / 7 / 8 0
G r a p h  2
G r a p h  3
V a r i a t i o n  o f  B O D  w i t h  C h l o r i d e ,  K e n t  E s t u a r y  8 / 7 / 8 0
V a r i a t i o n  o f  T o t a l  S u s p e n d e d  S o l i d s  w i t h  C h l o r i d e , K e n t  E s t u a r y  8 /7 /8 0
V a r i a t i o n  o f  BOD w ith  S u s p e n d e d  S o l i d s , K e n t  E s t u a r y  8 / 7 / 8 0
G r a p h  6
V a r i a t i o n  o f  N i t r a t e  w i t h  C h l o r i d e / K e n t  E s t u a r y  8 / 7 / 8 0
Variation of Phosphate with Chloride, Kent E s tua ry  8/7/80
V aria tion  of Chlorophyll a w ith Chloride, Kent Estuary 8 /7 /80
Graph 8
